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(54) SYSTEM AND METHOD FOR MULTICARRIER TRANSMISSION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the distribution of 
bits having the maximum performance margin with respect to 
the quantity of noises to be periodically changed by regarding 
plural signal-to-noise ratio(SNR) value evaluated at different 
time as one SNR value evaluated by different frequencies at 
the same time. 

SOLUTION: Even when the noise quantity of a transmission 
line is periodically changed, the plural existent SNR values 
caused by the noise of the periodical change are regarded as 
the SNR value of one line increasing a frequency band 
without any change with the lapse of time. Based on the SNR 
value of the line evaluated by an SNR evaluating part, a 
performance margin calculating part respectively calculates 
four kinds of bit distributions to set the performance margin to 
a maximum value in the case of providing four transmitted 
speeds. Then, the SNR value at the time of NEXT and FEXT 
shown in figures 1 1 and 12 is used as the SNR value 
evaluated up to the double frequency without being 
periodically changed as shown in a figure 13. 
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(57) m^] 



[pIlIOSNRfilCDffll 1 i 1 2 i^. ©e^lSafC 




C2) 

1 

o:>mntm^tt^nmhxmmm(Dmntm^tto:>m-^ 

[ if 2 ] mmm^imm znx;^-^ xmr^mmm 
xmt-ri>m^, mMHwmm'^tmmmm. mmz 
m<Dm^mm^(D&^icisi,>x>(tm~ri>mm(im=^it(D 
ia^»m-r ^. j; «js § *? d . tfjia b ^ ^ ig^^^s 
tt. crimz n(Dmmmmt<Dm^wm i -ooft-^^t 
j^i^ttcDiii briijfBK-^ hm^^fjirj: "^mrn^nx 

[ if jRiH 3 ] i«ia^t#is«>&^ 2 «r & r ^^PalFija 

[ ft*]l 4 ] ItrlB h IB^J^St* , ffrl B 1 -^(DiW-^ 30 

Mm^tt(Dm<D^R^mm^=¥ ^ >; r(Dmtimmt>c 
^.if 1 ~3 i,>-rriti^mn<D-7j\^^'^^ y TSiMi^;^ 

isi.^xm—R^mr.(Dmmmms.rsx-?)i^^ y re 

jl^sSit c J: 4 r - 3^ (eS ^ tf ^ J; 0 L V ;v + 1^ y 

<Dmni(imntb^wmhxmm.m(Dmni(immt<Dm^ 40 

7*-- 7>xv-i;>>;|rS;';:(JC-r-SJ;^'^(:tijfB#=^^i' y 
TCDt'-^ F-iB^J-^ri^dr-rt''^ He^J^Ki^-^OCi^^ 

x^tr^m^. mnm^Mmmmmmm. friBs 

5*. cn^2«©^-^*fJfWJ:b(D$I©SffltCJCSDTtviB 50 
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2 

nmm 7 ] wiB«iwi*«5&^ 2 mxih -^xT^mmmm 
mxmt-r^t^^. mMiw^Mm^ttmm^mt, mib 

msi. c timzwDm^^mmtrnm^imcm Dxm 

[ If 5}<iB 8 ] fffiB b' \- m^^mt . mm 2 a©ft-^ 
S(m^kt<Dm.<D^mRi^mmmmmmimcm 0 xmm 

[ if 9 ] mnZW—(Dm.iSMi-f}> 6 fjIB^^coaft^ 

x^fcmtmw<D&mmmtmni\mMmmtt<Dm.t ^ 

ate, v'-i'Bm!>cm^^'?'-v>i^^nmr^^mt. 
c cD^tti 5 n/c -7 - y > ^ ate ffriaaiS;©fE3Mj« 6 

micm-^xmrn^^^ ^ vT<Dii vm^^w-m-r^^^ 
i ^ s c i ^wsf i -r ^if jjtii 1 ~ 8 i^^"n*>iBtt 

(D-7;U5^^ + y Tfeili'X -r A„ 

[if 1 0 ] B? iBlin©aft««ffflB If 'i- h ifi^* 

cDfiff ^tiiuia K' ^7 h gB5>ic:ij£ xmM-m^<DMiwm^ 
1' y re^l->;^-r A„ 

■r€.c:i;g:1#m<t-rsif*:®l-'l 0fBtS©-^JV9^=^^i' 

[ if 12] MiB 2 m(Dm^<DmiMu , n— ©18^ 
(ommMmx^ ^ct ^mmt-^Mmm 1 ~ 1 1 iBtg 

©■v'ji'?^^ y TG3lli':^f-A„ 

[if3l?Jli3] i5fiB2a©Jf^«. M«Sj«iSRD'jfi*S 
?JilSicSaH-r^ i>(DXiSy^ c i ^ftSSti-r ^ff*il 1 ~ 
1 2iS*g©v;l/5^^^-^' yreHi^XT-A, 

[it*ii 1 4 ] s«rtBm-;aj>'^n©afi^raB7' ^ 
^ifjjcii 1-13 c^T'n*^fatg©-^;i'?-=^^ f y reiSi^ 

x-rA„ 

[ if jRii 15] mmmicmt~^i> mm.^m.^mmrf 
(cfci^rm— R:>m-©aft^tBSPEgr-7;L':?-^ i> y r 
eiil^^ic J: a 7^- 3? ^ff ^ J; ^ L -7 Ji- 5^ + 
y TfSl:^5a-C* -:> tf)iB«S!t«©S^tWiSJ^TCC7^ 



C3) 

3 

a mnmmtmm ^^ ^- -^^yt . mimmmoi^mmam 
^]:t(Dm^m-sm(Dmfxi,mmmx:mm^tifc i -3© 

2S©fi-^MIt#i:h©II^tWH 1 -:3©m#>(«#tb©ffl 
i L -r fff ia f h B55> * i^cc -r cfc 5 (fc L c i * i -r 
^m>m 1 aSBtiS©-?;!/?^^ + y TteiH^rio 

[ m>m 1 7 ] mmm^mmtii 2 «-c* ^ r^^ram 

tt, Itria 2 ffl©itWiS*T©& <7 dcfci^r j^rE-r -sft-^ 
?*^#ib©M^»a L . friB t* h ie^^;^ -rvya. c 
2 m<DmnMmmt<Dm.^mni 1 -^©M-^^fs^wib 20 

{ if 3j<iB 1 8 ] mflB b' v V y y'it^ ifflB 1 

PSWfccS C TMIB b' f h 1255-* f J; tc 0 fc f: i ^Jf$ 

Mi-r-sfi*!! 1 5 ~ 1 7 \.^rm^Mm(D'7)i'^^^' y 
[ii*si9] MfflWtc:^lbT?.i«t!t«©*i§^T 

y r is*:^?£-e * r . OTfiB«^ffi©#*8^3S«T(c^ 
mb©ffl©smDT. -^;?.p>nfcej*ajK>s:iiJiL. 

/^•■7 :t-^>X v-y>^:Ry»;:(C-r5J;^:i'=ct5iB§+ i- 
yT©b':; VW.9f^U-^\^v hIB5>Xf ^'i^^tfC 

[ 2 0 ] tfriB*i#is«*5 2 ffi-c* -:> r^rapiiii 

m^mtt^m^. m%mnnw^\mmi:^y-w\%^ 40 

lylB 2 ffi©iW-i^jg:^T©# ^ fcfct j-r >r^jDc:;-r ^ff -^>pf*S 
mb©ffi*fiEttiL. ffflBb-;; MB^Xr-f -T-B. cn^ 
2ffi©fi-^*flt#i:b©II©&tf (JCIcSD-CWiBb- hlB^ 

[ it^ffl 2 1 ] mmwmmi)^ 2 -:, t^^p^fs 

wr^^ b-r s . mnEmmmmmm x f - •> 7- 
tt. ifria 2 «©^t#is«T©# ^ tcfci^r^i^js-r i>m^ 
nmmtmi^w-iiiL. iriBb i. hiB^^XT- -^:?!*. c 
n^2«©fi-^>^*imb©fi©SffijciSDrOTiStf-:7 h 50 
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©-7;i/5=-^ y Tfeili^frio 

[ if 3}<ii 2 2 ] MiB b h SB^J- X T- -^'t'i , fu ia 2 a 
©ff-^*#|-i-i:b©ffl©&ffiRCflt.i^ffm:titiJFSfaic)£;D 

*]i 1 9 ~ 2 1 (,i-rn55iiB*g©-7;i'?'^ f y re^n:)? 

[if 2 3 ] mflBil— ©ilfti^TS^ ef^iti^dt) 6ti/c 
«i!(©GiliS«>&MiB»^©jift^--i*ftT ^ X 7" y ^ 

tfriBlir:©afl^C(:*3t^T^ff sn^tuIBb ^ HB:»x 
Mian— ©aMM*^6jllM$nr #/tfulBa 
^©feiHaiKi BUiBfl-^?t»#i:b©II i ^S(c. f^- 5? 

e^Mtcfcct s ^-i^ > a X T- i , c ©»hh 
$ - > ^atc wriBSi5:©f^aaj&^ 6 ftittei* 

t?^o-rffriB#^i' y T©b-y hSB^^ffWTSxf- ^:?' 
i^wr-sci^^^mi-r-sw^isi 9-2 2t,^m3&:> 

[if *s 2 4 ] BiTiB t' y hm^^mtm~<Dmmmtr' 

^tfiBii— ©aft/^'-^jsitH-r s X f- '7 7*i , Mian—© 
aw^fciJC^Tfyiab h BB^j-tcge-^ rffria®— ©Mfi 

mi-r?.ff*a2 3iBtg©v;i/?=^^+ yreiil^ffio 

[if3}<ii2 5] i(riB2ffl©i^#©^iWM«, n— 

■rSCi^SrWmi^^it*^! 9-2 4IBtg©v;V5^^- 
•I- yrfEiHi^x-rAo 

[ if S<ii 2 6 ] SfiB 2 a©ffiW©S«li , ©IIW 

<Dmwmv$}^c6=^^fr?>m^-mi 9-2 sib 

[if*iB2 7] MiB2ffi®st#K. »*s«isau'jes 
?MStcsaH-r.5«>©r-*sci<t>£!|#i5!<t-r5if^iii 9 

-2 eiB^©^;!.?^^^-*. yTGj*'>X-rA„ 

[if 3}<iB 2 8 ] mmm—&t/mr.<Dmmmmuf -< v 
i>imm 1 9 ~ 2 7 i^-rn*>tBtg©v;i'5^^- y ri^m 

[»BJ©iW=clM?^] 

[0 0 0 1 ] 

[^Bj©M^^K^^Sgi] :$i^mit-7}l^^^ V 7Bm 
VXT~AS:0'-€-©:?^iS{CML'. !|ftCDMT (Discrete M 
ulti-Tone ) mMyS^tlyr^i^tiri^?>-?!V=f-^^ 'J 

Tfeiilv' X A ao'-e ©:/7 ffi M T 6 ^> © r- ^ o 

[0 0 0 2] 

m^(Dtm] t^*©c©a©DMT:^5(:©-5';i'5^+i' 

yTei3|i>Xf-A©1?IIiL.TSi. *H#l¥i^fR»5. 4 
7 9, 44 7-^i;c|fli?r©JSffij!)Sfe'2.= 
[0 0 0 3] *i*^^DMT:)7^fC^3n-SAD SL 
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(Asynrnetrlc Digital Subscriber Line) SS<t 

MWi(D^-^ V Tic Q AM (Quadrature Amplitude M 
oduiation ) JC J: a^lJH^tfl^ CCOmMLtc^^VT 
^ I FFT (inverse Fast Fourier Transform) ^ffll^ 

QAM^msnfcmn^cmm^n^^<Dx$>i>. 

[0 0 0 4] CCDm-^. a^CD^i^ y rcD^^^CDt^^:/ 
HH^CD/ci?)tcS+i- UTOS NR (Signal to Noise 

Ratio : m^m^s-lt) ^m^b. CCOm^^tltcSN 10 

TCDm^^^mcio I i r & ^ CD S N R I ^ S o 
[0 0 0 b] ^^^VT^tC^ LX^it)^tlfc^\f^:^ h 20 

[0 0 0 6 ] i^^cddmttS'Sads Lf$^^itCfcl^r. 

r^^iCO-m^hXU. ±iEcD*ll5^l*^5, 4 7 

9. 4 4 7-^^^fgtCt¥a?^nrt^^. mi 3ltC(D\:^'v 

cDSNRia (15) icSiyx^^ ^ \}T^^MiK<D^^y ^ 

(16) i>COX&:h. 
[0 0 0 7 ] 

[#60^?^?^lll^*LJ:^if 6ISM] CCDDMT^^CDAD 
C M CTi me Compressi on Mul ti pi exi nq) 3^^© ISDN 

<Dmn^ciK^fsmm-tts-:>xi>i>. mi 4^mi^xAD 40 

SLIUJSchTCM- I S DN[iIiai:^?^|WI— ^-:7;l/CC^t 

Ci. AD S LEII^tCfcOirTD^r&J (ATU-C (ADSL 
Termination Unit-Center side ) 5??^6ATU-R (AD 
SL Termination Unit-Remote side ) CDy^\a]) tcf — ^ 
eil^^f ':?t:i^-SB#tCATU-R:^5TCM- I SDNEl 

Igfc J: ^ - ^ J; o r ^ iss?&^^ § nrc i 

[0 0 0 8 ] 111 1 4tC7STJ:^»CC. A D S LS^S^Cfcl^ 
TTD:^jf^(D7^-3fejS?:tf-:>ri^-5^fC. TCM- I 50 
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sBNmm'^mD<Tr^yj\^<D'f-^&m^n-^xi>?> 

3tffi«IS (F EXT : Far End Crass-Talk) 
*t-^>o ^/c. AD S L[llSlCfcL^rTf3 77f^CC7^-^ 
ei^^tf -^ri^€>ff$tCTCM- I SDN[ll$I:?&^cnc^t^ 

mi^\^(D±K^y^\^(Dv'-^&m^n^x\.^^m^. 

rllSNEXT (Near End Cross-Talk ) ^^^C^. TC 

T^i77[^ir5£sccff ori^sor. ads LiMl^t^ i 

[0 0 0 9 ] u^(DA D s Lmrnxmrn^n-^tcm^. 

(NEXT) B#tCt^x^-:0^^am*T5o S/c. 
mm&^ N E X T^t#Tr cDiifttC^toiir L./c» 

mmmmxurifa6i.^x. AD3i.mm<Dmmnm^\^ 

^hti^^ ccoy^^xu. AD s Lmmt}:f h^yy' 

sii-Ttr^^:; h^yy'^^m^xmmM&^^it$-m>yj 

^x ^ . a^ffiiiiis ( F E X T ) mic um^ ^i^tc 

^4-3imaffi^A^< NEXTfffCC^^ASl^/cS^iim 
[0 0 1 0 ] iC^:0^. C(D'f::uT)V\:f^:^h^yy'y^^ 

x{tB3mm(DSNRimmm^i±ri>fci^. ±f±M^^ 

[0011] \n±(Dmm(Dfcii^. mmm^cmimm^m 
f)mtL. cmm<DmtKmmLxmm<D^M&^ 

[0012] *^0^cDSS^t^. M^cSB$rari¥«Sti/c 

«^cosNRffl*. mcmm(Dmt^?>mmmxwm$ti 

/cl OCDS NRffli^^cf Cite j^J^ . ±IBcDliM?rM 

[0013] :^mM<Dm(Dsm^t. mrji^mmxwm^ 

[0014] 

^cmtr^mmm(DmmMmT^c^i^xm-^z/mr.<D 

m^n^<i:^^cLfc^ji'^^^ y rBmi^^r-J^xi^-D 
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V r mmm (om^Mmmtms. ^ t# -s mmm^tmm 
CCD 1 '^(Dm^Mmmh<DmicmcxmE&'¥■^ <jr<D 
[0 0 1 5 ] -eur, mmm^mm*'i2mx:'&-Dx^m 

mts^ffi^si* . firs B 2 m<m=§mmr<D^ ^ *si ^ r 

f3 . itria if y h sa^f^® » , c 2 soft it^tt 
©la^tfifa 1 •^©ft-^^tjffi^itoffli L-msiat* na 

ffftat'^y MB^^s«. i>riB 1 -^off -^^wsm^ffi© 

[0016] :$:»BJ(c J;ti«, JlWW(c^{t;T-S«^« 

^cffrias^-i' u T©^ -;' na^j^^cf tf hga^j-^i^i 

[ 0 0 1 7 ] ^ur. mmmmMmtii2mx&-oxmrs 

fffiB 2 a©»iWis±iT©s V fc t ^-csftjE-r ^.ft ^>f]-it 
mt©ffl*»ai-r€.j:^«sg3n-c*3f). fSffatf-;.nB 
5>^is«. cn^2a©ft^s?t$imt©ffl©sfiiKr£;D 40 
■rifriat'.:; hm^^fi-rxomf&^nxi^^hct^WMi 
tft:. BfiB«iw«^*5 2ar'*or:7^^wi5iia 
mx'mt-r?>m^. mmmnMm^tmm^mu. mm 

2 ffiOltWiS«T©S ^ 5C O r ?^tEt- S ft -^1-?^ ItWJrt 

©ia;S:»m-r^j;e>«^3nrfco, Miat; ':. na^^ 
mt. cnm2m(omnMmmt(Dm<D^mt>cmcxm 
tat- h iB5>?: i^c-r =fc ^> nri^ ^ c i ^w^tr 
MK. fuiaH';- hiB^j-^Stt. Btiia2«©ft^>(t*t 
mt©ffl©Sfii&t;Mslft^:ti$iJPSfiitciD£; DrguIBb' 
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[0018] */t. Mian— ©aftM3^)^?>t(riBiiz:©a 

mm^(D'f'- ifrien— ©aft^B^it"^ 

es5 6 tifc«i5!©fs*jSffi^ ffria® ^©aff )i --31ft f 5 
u , tfriai^^©am;f \mtmmm'^tmm 

^ISSClf MiBtf h iB^S^ W L . fifIB t' -i. h iB:9-^ 

i|fria.m— ©aft^:^>^ 6i*ft $ tir t fcitrf a^SSt© 
ej*ajKif!riam^s:«WJ;t©»i ^stc. ^rej* 

-i»^a{cmriaa^©e3*^K3&^6«jaej^jK^@ 

# iS[ i -r e „ * /c. B? tamr. ©aftM »f«ia f h is^s- 
^luiam— ©afi^'^jHtH-rs^is^Mfc-^,^, mmm 
— ©aft ^ttttfiat:- hBB5>icSf'3-rtf)ian^©aft^ 
--©T^-i?f;ij#^^cTc:<t^!|tiiti-r€.o Mfc. tfrsa2 
a©jsw©3stWM«. m-st^mn©aft» i ©ra©a 

fmiii |5]— ^ - :7-';U±Jc#fi-r S t: i -^^Si L , * 
:^£:BtriB2ffi©*tW©i«JSt3:. ©JtWISitSy' C ©^ 
-©«-i-JI«J; fj ^>«#tt^j&5Ml^l»-©«-i-ili*rife 

sci^jRffii-r-s.., ^LT^ B«ia2«©ii#B, as 

micji:i,7'-'^{i.mxA=hct^'mt.t-r^. 

[0019] :*:^Bj{cj;nK. iSWW(e:^{t-r€.aiSt« 

©i^WJSiiTJc fci^ r m-^^mr.(Dmmmm's.mx v 

=^mmric^^ Mm u tcm tj: v ;i. 5^ + + y r © 
s+ ^ y T©ff ^>^iiwtt>£fffif Lr«8^a©{t^>!tit 
-i-i:t©ffi^f#^ ft sKi-titsFffix T-'-jv-t. mmmm 
m<Dm-^Mmmt(Dm.=^m-<i^m<Dmrj:?>mmmxmm 

$ tifc 1 -ocDis^MB^tbcom. <t L , c © 1 ooft-^^it 
*f-&tt,©ffl(cts DrSyias^ -f y r© f h la^s-^^c-r 

f V h IB^ i ^#£f C <t i -r § -7 + 

i'yTe3^:^as*^»f.n-s„ 

[ 0 0 2 0 ] u r , MiB*S#]Sii7:)^~ 2 fiT cfe o r ^ra 
Fijasirsib-r €>ii^, tufam^>t«i#j:bf¥fflx 7- y -/ 
B, itfta 2 «©*swjttiT©s ^ iicfci >s:t)^;-r •s.ft^ 

tim2m<DimMmntb(Dm^mm 1 'o<DmnMmntt 

(Dm to xmni MB^^ i^c -r J; ^ u fc c: i ^SiS: 
t-r^. t/c. mria*tW?8«*3 2«r*or^^K|iSJa 

ffria 2 ffi©^tWilJ^T©S ^ t, ^ r ?tj£;-r zm^mm. 

2«©ft-^>ft3^«l:t©ffi%ff)ia 1 '3©«-^>Sf^«WJ:b©ffi 

<t 0 Tiffta b h sB^?-^ -r =fc ^ L fc c i i f 
^*imb©ffi©-&fii&t;«ifria&+ f y r©^^$ijpfiffiic 
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[0 0 2 1 ] *fgBjifcj;ntf. mmmicmt-ri>m.mm 

[ 0 0 2 2 ] ^ Lr. ffriB^t*iS«5&^ 2 «-<::■ ifeoT^ral 

tt, B«riE2«(DjKIWS^T<D#^tcfciir*tjce:;-r-5ft-^ 

^#t#t[:©II^»m u , Sfris f h iB5>j:^ 7=- -J c 

tat:- f- i65^x r c 2 m(Dmmm^ito:) 

^^^Iti-r-So MCC. ffflBt'-y MB^Xt- -^ :7-tt, MIB 
JtBDrBfriBb'r;' MB53-*^c-r J: 5 L-fcC i^i^FiSti-r 

-So 

[0 02 3 ] t/c. fuiam— ©a{tm7&^6^*SJ66n 
fci*i5c©e3^jiffi*Hijfas^— ©afl^'^^ift-r^x-r 30 

iat'^i' MB^xr ifrfBi^— ©aff^^^5j*ft$ 
rir ^ Bu iBa^©fEaa(S i mmmmm^tt&m t 
^mt<c. 7^-^esicfcHt§-?>->;>^#m-r^xT-':' 

SA^6ftaej3ij$s*3iiR-r5X7"-y:7-i, c©m;?$ 

IBt'r? MB^€:l(nBS^— ©aftMJ&i^BtrfBH— ©ffift^ 

-^jMHjt'-SXT- f |ffiB^^©flft^{cfclJ-rf(fiB 40 
f h iB55'tcfi^ -o r M f BIS n©a{t^ '^© -r - ^ fiiH* 

[0 024] 

©*te©ffj-«ic-otijiHj-r5o 0 1 «*f6B^©Hj(fe©?fj 

it^TATU-C 1 0 0. UTATU-R2 0 0 

cn^|i§#Rg©Gil53:7-"-Y 
5^;^flPA*[HI^tcJ;^3^ft)n5o l^, *^f|Jt:B, ATC 
-C35^eATU-R'^3ilft-rSTO:^|n)©e3iiaa©^ 50 
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Jti±{4)l5&^ n/cT «3 :^l^rieitS)e r 1 ~ r 4 
(WJ-r«. 4a©j^ffii-ri)) ^ATU-R^-iUmf 
-S.^>©-Cab^„ 

[0 0 2 5] SJI?e)ll^iBltS|59 »AT U - R 2 0 0 

icxmnstifc&mmm. r n ;&iBtt-r t.©r'«) d , f 

h , -gB5>r-- 10KATU-R200;&^P. 

ilgfisnfcb'-^r ^^''7-iB^7■-:?■;^^tBtt■r5^© 
^) 3&^fft?n-^-oTf3?^(^©r-^fEjii3&^i:c3n^„ 

[0 0 2 6] jy±BATU-C 1 0 0 ©^#6^'* €>3&^, 

ATU-R 2 0 o©titgt*i>:©*p< -cab-So T<o:f;\Ms 

N R MSP 2 ttT 0 7^f^etil©l^©f£3M<KSS© S N R i¥ 

ffi^tf ^ ^ ©Tab's, ceirii, Miur, tcm- i 
SDN^^ADSLilH— ^r-'7';H^KffftL, -e©j»iS 

m^timmmicmt-r ^m-^j^c-zn^xmn-^ 02 « 

TCM- I SDN;5:'6ADSL^©}ifgi^tW^lliH^-r-S 
/c&©Elr'^^„ 11 (A) ttTCM- I SDN©7^-5« 
(DmWj\^^^V. (B) {*^ntCj;-o-CADSL (A 

Tu-R) i.mi'X^c?>ms^m^^^^~r. 

[0 0 2 7] I sDN<D±'oijmmmmct,t, atu- 

iS3g?lfgFEXT*^*D-S„ ^(Dfcmc, TO^InlSN 
RI¥ffig|32B, NEXTiFEXTi©2a©l^i^j:)5i? 

fi-r€.i©-^-c©#+ + y TJiig^tcfcif ^ s NRtt®ffi 
^^^tcffffi (3$ai) *fie-rssNR©ffi*NEx 

T SNRSO'FEXT S N R©-SSJ?5fS|33 tC^^ 
f^f -So 1=1, 0 2 (B) «TCM- I SDNtCj;t3^-r 

(c) B^L< ^ci^«^©^?i|^mLri^-s„ 1112 (C) 

tCfcl^r . f SC>'n t*IS^:0^%^T€.WrE3©B$Rgi:t^^ 
^LTfcO, c:©i^^(ct3:FEXT*5^^-r-S.agr^f J* 
N E XTT^Sfs^-r^fflran j; 0 
[0 0 2 8 ] ®K®tETJl'=fUXAg|58t*, 
> X ^- >ltff gP 4 i . iSaollRgP 5 i , b' ir 

V > X V — :^ > ItfltBP 4 i*T ^[S] S N R Map 2 r 
Wffi3nft:^®SNRfii3?:SfC. ATU-ClOO 

i: 3ii{f § tiT 4 a©ejiiss^5^ ^ siiM-r ^m-^ 
So fsii5SjssiHSP5tt. cn^4«a©^^•7*-v> 

X -v-^-y eiilft nltg-e:^)!^^^!^)^*!**) -5 
ffl^TjlK-r-So bi-h, ^W-SB^J-7— :?';i'3M{tg|56 

F. ^^■'7"iB:5>7-":7';U%ATU-C 1 0 0-\i*«-r-S 

C©b->h, ^^•'7-Se^7■-■7*;^7t'*NEXTH#S. 
CKF E X TH^-CJsraWtC^'ft-r S S N Rfii©fi-ffl^^ L-T 

^<7fftti§nfci>©-c£bSo 

[0 0 2 9] H3KEI 1©:/P i'Ottlf^^^T^D- 



C7) 

11 

(:^.'ryy^Al) . m^^X. r l r 4 b i t / s cd 

M^mmmcmtT^m^. mcccnur cm- i s 

rJS^CDSNRfa?:t¥«L. §^?:NEXT SNR. F 10 
EXT SNR3CC{:Sf^T2>o m4<Dl IRZ^l 2m¥ 
m^tifc^m&WCCOSNRm^mL. IU^FEXT^ 
*ff#(D. 1 2t^NEXT|E6*B$<Z)#SNRfii^^-r. 
[0 0 3 0 ] ^^y ^-^>:A-7-zy>nfW^\^4it. SN 
Ri¥agB2ri¥ffiUfc*mcDSNRfii3*acc. jtfts 

wr^ {7-.'rWA2) . isi4t^-ecDit»:^ffi^7j^-r. 

11, 12 tCTj^TNEXTRCJ^F EXTfftCDSNRii^ 

m(om<m. ^ § n/c s n r m t vxi^mr ^ . 

X$>^. cn^^+i- yT(DS;^J:IS*Emaski-rSo 

tarqett^. y T^) x y T(Dmti±.m 30 

Emask) iU. ltJl««:;^(D_hPSCc J: S^i-y 

[0 0 3 2 ] eiiajSilfXSBS X U. gt»U/c4ffi«<D 
/^':7:t-v>;^v-^:>>ffl, m^t. SIS (DX-r :7°A 

2CC7^t-j:9tc4fIIIcDv^y>faml --m4 

< ^^-^ ^ - y > ^^:ttT C ^ jlim "SJftg^cG 
31jlS4ilJKTS (Xf^:.:7'A3) . ^e^iaS^cML 

x-^-iyi^tf^-^x^x^nu. A-:><Di^mm±xi)m 

ft:^pJtgr*SCi*^L. ATU-R^^ATU-CCC 40 

\^i^x±\im^m3^^\i\ti^mmrh {:^r-vy^A 

e^^^ATU-Ctcaff-ra (X7"'^"7'A4) . 
[0 0 3 3 ] ^ W -IB^Jt^- ::7Vl'i3iff g|3 6 XU 

MiR\^fciiMm&xmm^n'^tc^<D\:fvv. ^^y-m 

NEXTH^RC^F EXTH^rJl£|BgtC^{l:-rSS N 

Km^^^mi^xtmr^^^i^^h^. mmr^\fv 

h, ^^'c^-SB^^-::^;^^^. 5 1 2 y T^ffifflT ^ 50 
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m^t\^xt\WVfc\:^-j V . ^^y-W.^'r-:f)Vlij> 
6. M4^2 5 yT&C+aS-rSgB5^^F EXTfflT^ 

^:7-;b^ fg^2 5 6 + ^ y rfcffl^t-5g|55>*NEXT 

t3: A T U - R:^>> 6 A T U - C tcilft 3 o 
[0 0 3 4 ] $/c. 02 (C) CDiS^ri^. ej^lISgO 
J8«CD^{tM|S|:^)^*rHlPir ^=Cl^/ci5. ffiS^CO S N Rffl^ 
^— CD S N R fa T S ff^tC . O PalPiCD tb* f & 
n/cttSNRfa(Diilii^^**»fln$iiSo H 5 ^i^CDfc^^ 

v'^^^^mm-nm^m^. si5 (a) tcTj^^i^^cc. m 

4011, 1 2tC^-rNEXTRLJ^FEXTff$C0SNR 
F EXTHtOSNRffiS f fS. MtCNEXTH*(D 
SNRffl^nfScDMIrmSrffiSiLTf^fflTSo feilM 

at^^;^n6/ceiMiSSc7:)fa* f+nfgU. (f + n) 

x2 5 ecD+i- yT*ffiffl-rsJMS§i«??f^cur. H5 

(B) CDStJ#tf'> bSB^:)7rS^ffli^ac 

[0 0 3 5 ] f^-^cDjlff &CffifflT€>e:; b, /W-iB 
5>7"-:7;bt3:. F E X TB^tcffiffl-T^T^-r^^JbcD^^, 
F EXTff#<Z)SNRffl^ffll^/c^i- y TCDc^n^O^— ft-^ 
tclB^Sn/ctf h, ^W-SB^7=--:/;i/*ffiffl-rac 
S/cNEXTH$C7:)f^-:7Vl'^>|HHitC. NEXTB^CDSN 

Rffi^ffli^/c^ y T<D^tii)^—m^^mi^^ritc-T- 

^)V^\^m^i>. Mx.U. (3 + 2) X256=128 

o<D^^'^)T^mm'^i>thxnmhfcmh<Dm^. e 

^W-iB5>7^-:7> (135 (B) ) t^^0--2b 

sco^^^i^yrtctas-r^gB^^FEXTfflT"-:?;!/. 7 

6 8 — 10 2 SO+i- yr^Cta^TSSB^^NEXTffl 

[0 0 3 6 ] it»3n/cS^--::?^J^t^. ATU-R:0^6 
ATU-ccc3^ff §nr. fc^^^:;h. /^'•7-iB53^T^-:?;^ 

[0 0 3 7 ] m^UM3o:>:^'r^:^y^A2ifC^i>i^^^^y:t 

■r. ^^^VT {(Dmiwmti^E a) tLxiEmitL 

fcSNR ( 1 ) ?r*e55^ (X7^^:;:7"A7 ) . ^l^X. C 

(Dsm^tifcSNR ( i) ^fmmc^'^n^ c^^r^y^ 

AS) . 

SNR ( i ) ^ SNR ( i + 1 ) 

[0 0 3 8 ];^CtC. k=l, r max =-00, count 
= 0 i-r-S (Xt^^^ :7"A9 ) . K\ti70ly^. rmax 

^&(DMi<^^>':y^'rJ>^^^y^—^>:^^--i^>. c o 

un ttSrmax *ii)ig-r>S/cd5tCffiM-ra + y T^r 
-eUT. r (k) cDtf-ff^ff^ (;^y'^:^:7'A 1 

0) . 

[0 0 3 9 ] CCOr (k) cDltff^t^. 

mi: 



13 



T(k) = 10logio 



C8) 



SNR(k) 



B target 
2 k - 1 
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+ Teff - 9.8 (dB) 



[0 040] T (k) t^i+i- y T>^>>l<;btptcai?gpj 

[^2] 



SNR(k) = 



k 

TT Ei 
i = 1 



SNR(i) 



^ Etarqet= k >K Emaxi 

[0 04 2] Emaxlt^ i mS<D=^ ^ V r^miWm^rj:M 

10 C COm-^. MAtimtl E tarqettC ^-dXU. ^VT 

[0 04 3] ^Ur. T (k) >rmax r 
max=r(k), count = ki"^S(;^T*':/ A 1 

1, A12)o k/^)^Nr^ct:fnti. k-k+liL^r 
(Xt^^:; y^A 14). Ts'r-jv^ K 1 O'^MSo t: cr. 

un tt3:rmax 4a^T>5y'cit>tci£M'rSS^^ ^ T 
[0 044] mi\mi'^<D:A'rvV''K^\^UV^Z>'d-j h 
rmax:^^c 0 un t^ffifflU. 'mM(D'd v - 



[0 04 1 ] i saco+ y T^o^ffiffl-r-s^acDjUfts 20 

;'JE1 t^. 

E i = E maxi 

^::^;Etarqett^. * 

b 1 = floor [loq2 { 1 + Emaxi S N R ( i ) /T max } ] 

d1ffi = b 1 - 1oq2 { 1 + E maxi S N R ( i ) /E max } 
tCj:D»ffi3nS (Xt^^:.:7'A 15). ★ [Sfc3] 

[0 045 ] C err max ★ 

2 



r, 



max 



+ JTmax - y'eff- 4.77 (dB) 



Q(x) = 



■A-©! 



/2 7C 



dy 



[0 04 6 ]^Ur. Btotal ^ft^T-S (;^t^';/:7'A 
16). CCDB total t^. JMffiCDt''^ hSe5>^-- 

fcf'^:^ h^r^f^. Btotal =Sb'it:*^„ C 

etc. i = 0-N- 1 (DlMPr^^. 
[0 04 7] ^LT. Btotal < B tarqet"C*^J©^. 
JMfiECDt > hM^-r-^Ji'^^^ ;ft^"CD diffi 

fa^f^-^j+i-yroe^:. ne^j^-^^vi' {b ' i } ^i 50 



t:'':r HtJU^i^. diffi = diffi +1, Btotal = B to 
tal + 1 iT^ (::^v^yy'Al 7 , A 1 8) o Ctl^B 

total =Btarqetttj:^^VM^MT:: 
[0 04 8 ] 118^^113©;^^^^:^ :7^A 5 fCfct:f - 

^etl/ct"^:^ hm^'r-y^^i^ {b ' i } ^StC Pe 
( i ) =Pe,i,tarqeti^C^>J:^fC, A.^«.t/ {E ' i 
) ^rfiJ^r-S (Xt^ :.:7'A 1 9 ) . Pe 
( i ) ta: i SBCO+i- y TCD:i^'7-S6^. Pe.i .tarqet 



C9) 

15 

^tiSB(D^^Vr<DBU:r.^-mmX'$>^o {E 

M&<DmMitMt}E total 
E total = X E 1 

[0 04 9 ]^ LT. Sf*«*:5>^ { E i } ^WMS 

(X'r':^:7'A2 1) « COSiUMt^. Etarqet/E 

total iEmax,i i CO ^5 "i^/Kj: -Sffl* E i i-T-SC^-C 

(K:^;) iB^>7"--:?^'i't^. {b ' i } {E ' i } 
J: e>n i tc^c So 

[0 0 5 0 ] *ffe0^CDffe(Z)*SfeCDm^tc:o#MH^ 

tc4-D(D&mMmt. ATU-C;0^6ATU-RtCf^;^?:^ 
-?ril«§n2) (X7^';;:7°A 1 ) o ri:;^)^6r 20 

4 b i t /s©4ffiSlCDej^aa^5'^Oft^O^^'^^-^ 

[0 0 5 1 ] ATu-RWjti. m^mi)mmm^cmtr 

I^OCfffif ^>«^. I SDN^^6ADSLtC?^LTNE 
XTRC>FEXT:^J^^*TSo T O^f^ S N RlfffiSR2 

ffiU. ^^^NEXT SNR, FEXT SNRSfC 

SNRfB-fe^U. 1 U^F EXTffe^Bt©. 12£iNE 30 

X T m^mco^ S N Rffl^^-r o 

[ 0 0 5 2 ] ^^':7^-^>7^'v^->>>lt»g|34^^. SN 

R iffffiSP 2 ri¥ffi L fcim^<D s N R fa 3 . j^lft ^ 
fff 5) (X-r :;:7'A2 ) . ia9t^^cDlt»*^i?r7j^To 

sB^rtflrifffis ntcmmco s n r fas ^ii3^ft«:t; 

BB^J-^^^ffUi^So ^cDch#. 139 tc^$n^>J:5tc 40 
M^cS0#rat:i¥ffiS n/cN E XrmJ^l^F E XT0$CD S 
NRfili^--^{SlH*CD^a:^<t*#MLr. ATU- 

[0 0 5 3 ] eiiajsiijxgp5 rti. imLfc4mm(D 

2fC^-rJ:5fC4ffiSiC0v->^>f[iml -^-04 {5 



2000-78 105 

16 

m^'^mrr^y^Ct^fikl,. ATU-R^^ATU-CCC 
>^>*ATU-CtCjlftTS (;^7^'^:7"A4) . 

h , ^^y-m^r^-y'jmmm^r:itmiRLfci^mm& 

■r-S (Xt"^3.:7°A5) . C(D'r--:fMt. NEXTP^R 
F E X T H^T^^MWWtC^f i>SN RfB^ ^ CC?^ L T 
ft»■rSi^^^^:^^*^,o it»5n/c^^C7:)7"-:7Vl'tj:AT 
U-R:^i^6ATU-CCCjlMSn-S. 
[0 0 5 4] S/c. 1112 (C) (Dm-^rrU. fSMMSS(D 
IfW^D^^bJ^Kg^^^rBlPir ^ci^/cesb. at^o s N Rfl* 

^— cos NRfatcTSff^&c. ^(omrsrsmcDtbmf&zf 

n/ct^SNRfacDjgiSi^^iftJtJSiiSc H 5 tS^CDfcf 

MB5^0lt»77ffi*^-ro H5 (A) ^c^TJ:5^c. H 
4 CD 1 1 , 12 tCT^^TNEXTS^T EXTB^CDSNR 
fB*. F EXTH^CDS NRfat^ f fS. MtCNEXTH^CD 

SNRfil*nfg(DJiiie^srfii;ssurffiffl-rSo feiliS 

mt^^tihfci^mm&com^ f + nfgu. (f + n) 
x2 5 ecD^i^ yr^fSffl-rsj^sgi^^cLT. 05 

(B) CDSP*t H253^*^i^ffll^«>o 

[0 0 5 5 ] T^-^^CDiUltCfgffl-r-Se^:. /W--iB 
^"r-y^Mt. F E X T 9$ fSffl f ^> - :7^VKD^^ . 
F E X T ffScD S N R fB^ffl I ^ /c + y T CD ^m-^—M-^ 
tc@B^3n/ct^'> ^^°*7-BB53^^-:/;^^fgffl^'5c 
$fcNEXTm<D'r-':f)\^i>mmc. NEXTB#CDSN 

Rfa^ffli^/c+ ^ y r(D^m^—m^(^cm^^ufcr'- 

:?>^fSfflT^>o (3 + 2) X256=128 

.^[.^ /W-iB5J7^-:7> (115 (B) ) :0^e>O-'2 5 
5CD^^ y rcctBE^-rsSP^^F EXTffl7"-:7";b, 7 
6 S'-'l 0 2 3CD+i^ y rtCfa^f SSB^^NEXTffl 

TU-R^:^6ATU-C5cMt$nr. b 

iB^j^T^^-v^vn ofcf:if$$nr. TK):f7\^mmm<D\:fy 

/^"y-BB5> (v^:.b'>i^") fcfflC^^nSo 
[0 0 5 6 ] IM 1 0Um3<D::^'ryy'A2Ki5l^^^^y 
:t-'^>x-7->^>cDitff7^ri**^:7n--T?*So ^fe 
T\ S+i-yr iCDilflSy^^E (i) cturiE*i{bL 
/•cSNR ( i ) ^^^^ (Xr-^^^y'S 1 0) o *or. 
C(Dit»§n/cSNR ( i ) ^mfiBc^^W^ C^Ty 
:?°S 1 1 ) 

SNR ( 1 ) ^ SNR ( i + 1 ) 

[0 0 5 7 ] y^tC. k-1, KF-KN-0, coun 
tF = countN = 0. rmax = -ooiTS (^^T y 
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7' S 1 2 ) , k ti* -if > , T max 5i3HfiE©*A nJtl-> 

X•r•A/^°:7 * — '7>x-7— i^>, countF, cou 
n t N ttrmax =?:ai?S-rSfci*Kffiffl-r S + -f '7 T^t? 

*?-cN6*NEXTffl7— :/;KD^sMit^N^. ^<r^L 

rt^^o -eor, TF (k) , TN (k) ©ft»^tf^i 

(Xt-'^7'S13)„ CODtF (k), TN (k) CDit 
[0058] r (k) ttm-i-y Ti^>^.'l'tfi(ca)?SnI 

[ 0 0 5 9 ] ^ fc. i #s©+ + y Tmim-r^M&<D 



E i,F = nn i n 



E target 
Kf 



max I 



Etarget 
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[ 0 0 6 0 ] Emax1^^ i #@CD+ ^ \J r-fjmm'^^^t;:M 

-g-LT. TF (k) >Tmax S)^c&3:tN (k)>rmax 
(Xt^ :7'S 1 4/YE S ) . countF 
= KF, countN=KNiU. 
rF (k)>rmax©i§'t^. rmax=rF (k) 
TN (k) >rmax COt^^X rmax =rN (k) 

10 t^i> (Xt^'>:7's 15). 

[Goen^Lr. TF (k) >rN (k)-C*'S« 
^ (X7^^:7:7"S 1 6 /YE S) tCt^KF ++ ( J:^ 7^ S 

17). ^^x^r^<.>m^ c^T^^^'^'s 1 6/NO) ^at 

KH++t^i> (:^'rvy'^ 1 8) . ^LX. Kf -Kn 
= Nr^cti'nti (p^'r^:^y'S 1 9 /NO) . ;^x>:':;^'S 
la-^S-So CCT:\ rmax &i^;16n)^c>^X7^A>'S^ 

>^/T^LT:io53 . countF, countN [^Xrmax 

20 [0 0 6 2 ] H 1 1 \-m^(D7.r'vy°Ab\<cisi^i>\:fy 

/cr max S^c ountF, countN W 
m<o\:^v VU5^'r-y')^ {b -i } 
[1^6] 



E i,N = min 



b i,F = mi 




SNR(i) 



max 
Emax. SNR(i) 



max 



b',.N 



= m jn 



{ 



round 



f£oor 



/og2 ( 



CCTjntN ^"^"^'^ 
Emax-SNR( i ) 



) 
) 



max 



[0 06 3 ] floor tt/MSc*JJ(TtUM-r>l:^L', ^fJJtr [i§[7 ] 
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b i — f£oor 



1 + 



Emax.SNR( i ) 
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r 



max 



diffi = 0.5 



\-£og2 ( 



1 + 



Etarget 
count F 



SNR( i ) 



diffi = / 



bi -iog2 + 



r 

Etarget 

count 



max 



SNRCi ) 



r 



max 



) (i e F) 



) (i 6 N) 



[ 0 0 6 4 ] CCr rmax ±iB TtStS J <h|ll— r& 
S/c. Pe &^fcf hx^-U- Net3:A 20 

Btotal ^ItftTS (Xt^^^^'^'SZ 1 ) o CCDBtotal 

B total = 2 b ' 1 

T^^So CCtC. SC^ i - O-N- 1 CD^Wr^S. 
[0 0 6 5 ] ^Ur. Btotal <Btdirq&tV&i>f^ 

(:X5"':r:7'S2 3/YES) . M&(D\:f v h^^^f~-y 

V^l^y^-y)\^ {b ' 1 } ^1 fcf hi«:i>§-ti:. diffi 

= diffi - 1 . Btotal = Btota! - 1 h {7.^ v 
:7°S24) . t/c. Btotal < B tarqett: ^5 ^i©^ ( ;^ 
T^^:' :7^S 2 3/NO) . SMfiECDb hiB5>7^-:7";|y:0:»6 

1 If^ , ft/hCDdi f f iffl^J^O^ ^ y T© tr^ V V W.^ 
'r-y')l {b ' i } ^ 1 t: > hifSP^^^i. diffi -diffi 

+ K Btotal = Btotal + 1 i-^-S (::^'ryy'S2 
5) o £:n^. Btotal = Btarqet (Xf^^:^ :/S 2 2/ 

YE s) tfji^^-cmK^mr. 

[ 0 0 6 6 ] El 1 2 um3<D::^r^v K 5 ^C*5tt^>/^'y 40 

^;16nytfcf^:; MB^T'-r/Jl' {b ' i ) *ajc. Pe 
( i ) =Pe,i,tarqetii:c§J:^tC. XJlMtf {E ' i 

} ^fOra (xt-^^^-^^s 3 0 ) . ccr.. Pg 

(i) i SgtD^i- y Ta:):i^-^--tt*. Pe.i.tarqet 

i sso^^^^- yrcDaex-^-n^r^-So i^. {e 
' i } i yr5&^«MT^!^ffm;^T^ab 

[0 0 6 7 ] m&COMMiWMt) E total ,F R^ E total , 
N 50 



Etota^.F = E i 

Etola^,N = S E i 
ieN 

i = 0~N- 1 <DmMn&^. 

[0 0 6 8 ]^ Lr . S*^S::^5J^^ { E ' i } ^WM^ 
(:^r-yy'S3 2) ^ CCDSDIMt^. Etarqet/E 
total, F S /ct^ Etarqet/E total, N iEmax,i t<D^ 
•^/brji^mE ' i.F SfcC^E ' i,N 
[^9] 



E KF 



= mm 





E i,N = min 



(H:^) ge^7"-:/>rb&s. {b ' i } as>* 

{E ' i } tcj:or^x.6n§citc?:c§. 
[0 0 6 9 ] .hiaco&^jfrScDjfJiirt^. T0:)7f^co7"- 

^fe3I^CDig-^tC'::>*ai-</c:0^. ATU-R200^>e)A 
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^<iai«r-*f). H 1 (C^LfcATU-C 1 0 0©«Bg 
35^ATU-R2 0 OK. ATU-R2 0 0©«fi!4*5AT 
U-C 1 0 OCC, ^^^It ^ns^jCD-r^So 

[ 0 0 7 0 ] *#eigtt±fa**fe©ffJ?J{ciig^$ti5 

fe(D-C6*^C<. mtf. ADSLJ£^^^©DMTam:^S; 
^ffiffl U fcS^/^^ I S D N -^r- r7-jU_h(Ci?fiE-r S 

I S D n&,9\-<D 2 «IJi^ JiCDji|fi|lW?j:*SWM55^ 

[0 07 1 ] 10 

[0 07 2] tfc. *#feB^tcJ;nK, {SllSSgOliWS 
iaHLTa^c-g.i^K-ci¥«$nfc«i!f©SNR«mD 20 
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ABSTRACT 



A multi-carrier transmission system and a method thereofor 
employing a bit distribution method capable of solving the 
problem set forth above by regarding a pluraHty of SNR 
values evaluated at different timings as one SNR value 
evaluated at different frequency at the same timing and is 
capable of solving the problem set forth above by realizing 
a given transmission speed depending upon a plurality of 
SNR values evaluated at different timings and thus maxi- 
mizing performance margin. The multi-carrier transmission 
system has signal to noise ratio evaluating means for obtain- 
ing a plurality sets of signal to noise ratio by evaluating 
signal to noise ratio of each of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments, and bit distribution means for perform- 
ing bit distribution of each carrier depending upon one set of 
signal to noise ratio with taking a plurality of sets of signal 
to noise ratios as one set of signal to noise ratio evaluated on 
different frequency at the same timing. 

35 Claims, 13 Drawing Sheets 
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MULTI-CARRIER TRANSMISSION SYSTEM 
AND METHOD THEREOF 

BACKGROUND OF THE INVENTION ^ 

1. Field of the Invention 

The present invention relates generally to a multi-carrier 
transmission system and a transmission method. More 
particularly, the invention relates to a multi-carrier trans- 
mission system and a transmission method known as Dis- 10 
Crete Multi-Tone (DMT) modulation system. 

2. Description of the Related Art 

A typical example of the conventional DMT type multi- 
carrier transmission system, there has been a technology 
disclosed in U.S. Pat. No. 5,479,447 to Chow et al. 

An Asymmetric Digital Subscriber Line (ADSL) unit to 
be employed in the DMT system is designed to perform 
modulation for a plurality of carriers by Quadrature Ampli- 
tude Modulation (QAM) and to transmit the modulated 
carriers by multiplexing using Inverse Fast Fourier Trans- 
form (IFFT). On the receiver side, each carrier is extracted 
from the multiplexed reception signal using FFT to demodu- 
late into the QAM modulated signal. 

In such case, a signal to noise ratio (SNR) of each carrier 
is measured for bit distribution for each of a plurality of 
carriers, and the bit distribution is derived according to the 
measured SNR. For example, as identified by 15 in FIG. 13, 
the frequency on the horizontal axis is each carrier to be used 
or transmission. A frequency band of each carrier is 4.3125 
Hz and total number of the frequency bands is 256. Each of 
these values is not specific and limitative. Upon data 
transmission, the carriers are modulated respectively. At this 
time, a value of SNR is evaluated to derive bit distribution 
according to the evaluated SNR. In this case, in evaluation 
of SNR, respective SNR values are derived at respective 
frequency bands of the carriers. 

Each carrier performs transmission at a bit number 
according to each of bit distributions thus determined. The 
bit number is determined on the basis of the evaluated SNR 
so that a given transmission speed can be satisfied and a 
performance margin becomes maximum. 

One example of a method for calculating the bit distri- 
bution to provide the maximum performance margin in the 
transmission speed in the conventional DMT type ADSL 45 
technology, has been disclosed in the above-identified U.S. 
Pat. No. 5,479,447. FIG. 13 illustrates one example of the bit 
distribution method set forth above. Once, a desired trans- 
mission speed (bit rate) is given, number of bits is distrib- 
uted for each carrier (16) so that each carrier may have the 50 
maximum performance margin on the basis of the SNR 
value (15) of the measured transmission path. 

In the DMT type ADSL technology, in Japan, a Time 
Compression Multiplexing (TCM) type ISDN is present 
within the same cable. A periodic crosstalk caused by 55 
presence of the TCM type ISDN causes substantial noise in 
a signal for the ADSL. Here, discussion will be given for 
crosstalk to be generated when ADSL line and TCM -ISDN 
line are commonly present in the same cable, with reference 
to FIG. 14. FIG. 14 illustrates crosstalk to be caused by 60 
ADSL Termination Unit-Remote side (ATU-R) due to data 
transmission by the TCM- ISDN line while data transmission 
is performed from a down direction (a direction of ADSL 
Termination Unit-Center side (ATU-C)) to the ATU-R in the 
ADSL line. 65 

As shown in FIG. 14, while data transmission in the down 
direction is performed in the ADSL line, if data transmission 



in the down direction is performed by the TCM-ISDN line. 
Far End Crosstalk (FEXT) is caused. On the other hand, if 
data transmission in an up direction is performed the TCM- 
ISDN line while data transmission in the down-direction is 
performed in the ADSL line. Near End Crosstalk (NEXT) is 
caused. In the TCM type ISDN line, data transmission is 
performed alternately in up direction and down direction. 
Therefore, due to influence of Ping-Pong type data trans- 
mission of the ISDN line, near end crosstalk and far end 
crosstalk are caused periodically in the ADSL line. 

When communication is performed by the conventional 
ADSL technology, due to periodic crosstalk, large amount of 
error is caused at the occurrence of near end crosstalk 
(NEXT) in bad noise condition. On the other hand, when the 
transmission speed is calculated adapting to communication 
under NEXT noise, the transmission speed is lowered sig- 
nificantly. Under a condition where a crosstalk noise from 
the ISDN is present, so-called dual bit map system is 
considered for improving communication performance of 
the ADSL unit. In this system, ADSL unit employs a system 
which has two bit maps (bit distributions) and changes 
communication speeds by switching the bit map in synchro- 
nism with the period of the crosstalk noise. Upon occurrence 
of the far end crosstalk (FEXT), communication speed is set 
high for low noise level, and upon occurrence of NEXT, 
communication speed is set low for high noise level. 

However, since a plurality of the SNR values of the 
transmission line in the dual bit map system are present, it 
is not possible to perform bit distribution from the bit rate 
(transmission speed) given from the larger level. Namely, it 
is necessary that, on the basis of the measured SNR values, 
the given bit rate is distributed to two kinds of transmission 
speed and bit number is distributed for respective carriers. 

For the problems set forth above, if noise amount on the 
line is periodically varied and a plurality of transmission 
speed is switched in synchronism with variation of the noise, 
maximum performance margin cannot be obtained by the 
conventional bit distribution method. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multi-carrier transmission system and a method therefor 
employing a bit distribution method capable of solving the 
problem set forth above by regarding a plurality of SNR 
values evaluated at different timings as one SNR value 
evaluated at different frequency at the same timing. 

Another object of the present invention to provide a 
multi-carrier transmission system and a method therefor 
employing a bit distribution method capable of solving the 
problem set forth above by realizing a given transmission 
speed depending upon a plurality of SNR values evaluated 
at different timings and thus maximizing performance mar- 
gin. 

According to the first aspect of the present invention, a 
multi-carrier transmission system performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

signal to noise ratio evaluating means for obtaining a 
plurality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution means for performing bit distribution of 
each carrier depending upon one set of signal to noise ratio 
with taking a plurality of sets of signal to noise ratios as one 
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set of signal to noise ratio evaluated on different frequency 
at the same timing. 

In the construction set forth above, the signal to noise 
ratio evaluating means may be constructed to derive the set 
of the signal to noise ratio corresponding to each of two 
kinds of noise environments when two kinds of noise 
environments varies in regular interval period, and the bit 
distribution means may be constructed for establishing the 
bit distribution with taking two kinds of signal to noise ratio 
sets as the one signal to noise ratio set. On the other hand, 
the signal to noise ratio evaluating means may be con- 
structed to derive the set of the signal to noise ratio corre- 
sponding to each of two kinds of noise environments when 
two kinds of noise environments varies irregular interval 
period, and the bit distribution means may be constructed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
Also, the bit distribution means may perform bit distribution 
depending upon the one signal to noise ratio set and a power 
restriction value of each of the carriers. 

According to the second aspect of the present invention, 
a multi-carrier transmission system performing data trans- 
mission between first and second communication stations 
under presence of a plurality of periodically varying noises, 
comprises: 

signal to noise ratio evaluating means for obtaining a 
plurality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carrier at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution means for performing bit distribution of 
each carrier for realizing a given transmission speed and a 
maximum performance margin depending upon respective 
values of a plurality of signal to noise ratio sets. 

In the construction set forth above, the signal to noise 
ratio evaluating means may be constructed to derive the set 
of the signal to noise ratio corresponding to each of two 
kinds of noise environments when two kinds of noise 
environments vary in regular interval period, and the bit 
distribution means may be constructed for establishing the 
bit distribution with taking two kinds of signal to noise ratio 
sets as the one signal to noise ratio set. On the other hand, 
the signal to noise ratio evaluating means may be con- 
structed to derive the set of the signal to noise ratio corre- 
sponding to each of two kinds of noise environments when 
two kinds of noise environments vary irregular interval 
period, and the bit distribution means may be constructed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
The bit distribution means may perform bit distribution 
depending upon the one signal to noise ratio set and a total 
transmission power restriction value. 

In case of data transmission from the first communication 
station to the second communication station, the first com- 
munication station may include means for transmitting pre- 
determined plurality of transmission speed to the second 
communication station and the second communication sta- 
tion may have the signal to noise ratio evaluating means and 
the bit distribution means, the bit distribution means may 
include means for deriving a margin in data transmission on 
the basis of a plurality of transmission speed transmitted 
from the first communication station, means for selecting an 
optimal transmission speed from the plurality of transmis- 
sion speed on the basis of the derived margin, and means for 
deriving bit distribution of each of the carriers according to 
the selected transmission speed. The second communication 
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station may include means for transmitting the bit distribu- 
tion to the first communication station, and the first com- 
munication station may performs data transmission to the 
second communication station according to the bit distribu- 
5 tion. Noise source of the two kinds of noises may be present 
on a common cable with a communication line between the 
first and second communication stations. The two kinds of 
noise environments may be a first noise environment and a 
second noise environment having worse noise condition 
than the first noise environment. The two kinds of noises 
may be caused by far end crosstalk and near end crosstalk. 
A communication line for data transmission between the first 
and second communication stations may be a digital sub- 
scriber line. 

According to the third aspect of the present invention, a 
-^^ multi-carrier transmission method performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

signal to noise ratio evaluating step of obtaining a plu- 

20 rality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution step of performing bit distribution of each 

25 carrier depending upon one set of signed to noise ratio with 
taking a pluraHty of sets of signal to noise ratios as one set 
of signal to noise ratio evaluated on different frequency at 
the same timing. 

In the method set forth above, the signal to noise ratio 

30 evaluating step may be designed to derive the set of the 
signal to noise ratio corresponding to each of two kinds of 
noise environments when two kinds of noise environments 
vary in regular interval period, and the bit distribution step 
may be designed for establishing the bit distribution with 

2^ taking two kinds of signal to noise ratio sets as the one signal 
to noise ratio set. The signal to noise ratio evaluating step 
may be designed to derive the set of the signal to noise ratio 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and the bit distribution step may be designed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
The bit distribution step may perform bit distribution 
depending upon the one signal to noise ratio set and a power 
restriction value of each of the carriers. 

45 According to the fourth aspect of the present invention, a 
multi-carrier transmission method performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

50 signal to noise ratio evaluating step of obtaining a plu- 
rality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

55 bit distribution step of performing bit distribution of each 
carrier for realizing a given transmission speed and a maxi- 
mum performance margin depending upon respective values 
of a plurality of signal to noise ratio sets. 

The second communication station may include step of 
transmitting the bit distribution to the first communication 
station, and the first communication station may perform 
data transmission to the second communication station 
according to the bit distribution. 

g5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from 
the detailed description given herebelow and from the 
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accompanying drawings of the preferred embodiment of the 
present invention, which, however, should not be taken to be 
limitative to the invention, but are for explanation and 
understanding only. 
In the drawings: 

FIG. 1 is a block diagram showing a preferred embodi- 
ment of a multi-carrier transmission system according to the 
present invention; 

FIG. 2 is a showing a relationship between a TCM-ISDN 
data and a noise condition to ADSL; 

FIG. 3 is a flowchart showing an operation of the blocks 
in the preferred embodiment of the multi-carrier transmis- 
sion system of FIG. 1; 

FIG. 4 is an illustration showing an example of a bit 
distribution in the case where noise period is equal interval; 

FIG. 5 is an illustration showing an example of a bit 
distribution in the case where noise period is not equal 
interval; 

FIG. 6 is a flowchart showing a detail of step A2 in FIG. 

3; 

FIG. 7 is a flowchart showing a calculation method of a 
bit distribution at step A5 of FIG. 3; 

FIG. 8 is a flowchart showing a calculation method of a 
power distribution at step AS of FIG. 3; 

FIG. 9 is an illustration showing another example of bit 
distribution in the case where the noise period is equal 
interval; 

FIG. 10 is a flowchart showing another example of step 
A2 of FIG. 3; 

FIG. 11 is a flowchart showing another example of a 
calculation method of a bit distribution at step A5 of FIG. 3; 

FIG. 12 is a flowchart showing another example of a 
calculation method of a power distribution at step A5 of FIG. 
3; 

FIG. 13 is an illustration showing an example of the 
conventional bit distribution; and 

FIG. 14 is an illustration showing an example of occur- 
rence of far end crosstalk and near end crosstalk. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be discussed hereinafter in 
detail in terms of the preferred embodiment of the present 
invention with reference to the accompanying drawings. In 
the following description, numerous specific details are set 
forth in order to provide a thorough understanding of the 
present invention. It will be obvious, however, to those 
skilled in the art that the present invention may be practiced 
without these specific details. In other instance, well-known 
structures are not shown in detail in order to avoid unnec- 
essarily obscure the present invention. 

FIG. 1 is a block diagram showing the preferred embodi- 
ment 10 of a multi-carrier transmission system according to 
the present invention. Referring to FIG. 1, an ATU-C 100 as 
a central office and an ATU-R 200 as terminal are provided, 
respectively. Transmission between the ATU-C 100 and the 
ATU-R 200 is performed through a digital subscriber fine. It 
should be noted that, in the shown embodiment, discussion 
wiU be given for determination of a transmission speed in 
down direction transmitting from the ATU-C 100 to the 
ATU-R 200. A down transmission speed transmitting portion 
1 is designed for transmitting down transmission speeds rl 
to r4 (four kinds of speeds rl to r4 the shown embodiment) 
designated from a not shown upper level, to the ATU-R. 
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A selected transmission speed storage portion 9 is 
designed for storing a transmission speed rn selected by the 
ATU-R 200. A bit and power distribution table 10 stores a bit 
and power distribution table transmitted from the ATU-R 

5 200. According to the bit and power distribution table 10, 
data transmission in down direction is performed with 
effecting bit distribution and power distribution (mapping) 
of respective carriers. 

The foregoing is the function of the ATU-C 100. On the 
other hand, the function of the ATU-R 200 is as follow. A 
down direction SNR evaluating portion 2 performs an SNR 
evaluation of a transmission line upon down transmission. 
Here, as an example, discussion wiU be given for the case 
where a TCM-ISDN and an ADSL are present in the same 

-^5 cable and a crosstalk therebetween varies periodically. FIG. 
2 is an illustration for explaining crosstalk firom the TCM- 
ISDN to the ADSL and shows a relationship between a 
transmission speed of data of the TCM-ISDN and a crosstalk 
caused for the ADSL(ArU-R). 

20 Upon up transmission of the ISDN, near end crosstalk 
NEXT is caused in the ATU-R, and upon down transmission, 
far end crosstalk FEXT is caused. Therefore, the down 
direction SNR evaluating portion 2 evaluates (calculates) 
sets of SNR values at each carrier frequencies respectively 

25 in the case where two kinds of noises NEXT and FEXT are 
present, and corresponding sets of SNR are held in respec- 
tive holding portions 3 of NEXT SNR and FEXT SNR. It 
should be noted that FIG. 2 shows the case where a time 
interval of the crosstalk noise is equal and the case where the 

30 time interval is not equal, respectively. In FIG. 2, f and n are 
time ratio of a period where a noise is generated. In FIG. 2, 
f represents a period where FEXT is generated and n 
represents a period where NEXT is generated. In shown 
case, the period f of FEXT is shorter than the period n of 

35 NEXT. 

A speed adaptive algorithm portion 8 includes a perfor- 
mance calculating portion 4, a transmission speed selecting 
portion 5 and a bit and power distribution table transmitting 
portion 6. The performance margin calculating portion 4 

40 calculates four kinds of maximum performance margin 
values when four kinds of transmission speeds transmitted 
from the ATU-C 100 are realized on the basis of the SNR 
value 3 of the line evaluated by the down direction SNR 
evaluating portion 2. The transmission speed selecting por- 

45 tion 5 selects a value at which the transmission can be 
performed and a transmission speed is maximum, from four 
kinds of performance margin values thus derived. The bit 
and power distribution table transmitting portion 6 transmits 
the bit and power distribution table to the ATU-C 100 for 

50 performing transmission at the selected transmission speed 
rn. The bit and power distribution table 7 stores respective 
sets of SNR values varying periodically upon occurrence of 
NEXT and FEXT. 

FIG. 3 is a flowchart showing operation of the various 

55 blocks in the preferred embodiment of the multi-carrier 
transmission system of FIG. 1. Four transmission speeds 
provided from the upper level are transmitted from the 
ATU-C to the ATU-R (step Al). For example, four kinds of 
the transmission speeds of rl to r4 bit/s are transmitted from 

60 the ATU-C to the ATU-R together with other parameters. On 
the ATU-R side, when the noise amount is varied 
periodically, particularly when TCM-ISDN is present within 
the same cable, NEXT and FEXT are caused from ISDN to 
ADSL. In the down direction SNR evaluating portion 2, the 

65 SNR values at respective frequencies are evaluated in both 
cases of occurrence of NEXT and FEXT to store respective 
of evaluated SNR values in NEXT SNR and FEXT SNR 
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holding portions 3. The reference numerals 11 and 12 of 
FIG. 4 show the evaluated SNR values of respective 
frequencies, in which 11 represents the SNR value at the 
occurrence of FEXT and 12 represents the SNR value at the 
occurrence of NEXT. 5 

The performance margin calculating portion 4 calculates 
four kinds of bit distributions to be set at values where the 
performance margin becomes maximum on the basis of the 
SNR values of the line evaluated by the SNR evaluating 
portion 2, upon realizing the transmitted four transmission 
speeds (step A2). FIG. 4 shows the calculation method. The 
SNR values at the occurrences of NEXT and FEXT shown 
by 11 and 12 are used as evaluated SNR values up to double 
of the frequency instead of varying periodically, as shown by 
13 in FIG. 4. 

By this, upon calculation of the performance margin of 
the line, the bit distribution method is used regarding as the 
case where the transmission speed is double of the value of 
the given transmission speed and 512 carriers are used 
concerning the line where a used frequency band width is 20 
double and have no SNR value variation in time as shown 
by 13 in FIG. 4. The shown-embodiment is the case where 
power of each carrier is restricted. An upper limit of the 
power of each carrier is assumed as E^^^^^. Here, an upper 
limit ^target ^ total transmission power useful for data 25 
transmission is set as (all carrier number)x(upper limit E^^^^^ 
of power of each carrier), and the transmission power useful 
for each carrier is not restricted by the upper limit of the total 
transmission power. 

In the transmission speed selecting portion 5, from the 30 
calculated four kinds of performance margin, e.g. four kinds 
of margin values ml to m4, the transmittable transmission 
speed which is the highest and the margin is not negative is 
selected (step A3). If all margins are negative concerning all 
transmission speeds, it represents that all four transmission 35 
speeds are not transmittable (step A6). Then, the ATU-R 
transmits all transmission speeds fault output to the ATU-C. 
If any one of the transmission speeds can be selected, the 
selected transmission speed and the performance margin are 
transmitted to the ATU-C (step A4). 40 

In the bit and power distribution table transmitting portion 
6, the bit and power distribution table necessary for trans- 
mission at the selected transmission speed is transmitted 
(step A5). In order to obtain this table, it is required to 
calculate the SNR values varying periodically upon occur- 45 
rence of NEXT and FEXT. As the bit and power distribution 
table, a portion of the bit and power distribution table 7 
derives for the case where 512 carriers are used, correspond- 
ing to former 256 carriers is used as FEXT table, and a 
portion corresponding to later 256 carriers is used as NEXT 50 
table. Respective of calculated tables are transmitted from 
the ATU-R to the ATU-C. 

On the other hand, when variation period of the noise on 
the transmission line is not equal interval as shown in FIG. 
2, and when a plurality of SNR values are made into a single 55 
SNR value, the frequency corresponding to the SNR value 
is increased in a magnitude corresponding to the ratios f and 
n of the time interval. FIG. 5 shows a calculation method of 
the bit distribution. As shown in FIG. 5, the SNR values at 
the occurrence of NEXT value and FEXT value shown by 11 60 
and 12 of FIG, 4 are used with extending the SNR value at 
the occurrence of FEXT up to the f times of frequency and 
the SNR value at the occurrence of NEXT up to the n times 
of frequency. Regarding that transmission speed is f +n times 
of the value of the given transmission speed and the line 65 
used (f+n)x256 carriers, the bit distribution method showing 
in the lower side of FIG. 5 is used. 



As the bit and power distribution table to be used in data 
transmission, in case of the table to be used upon occurrence 
of FEXT, the bit and power distribution table to be assigned 
for one group of carriers using the SNR values upon 
occurrence of FEXT is used. Similarly, as the table at the 
occurrence of NEXT, a table assigned for one group of 
carriers using the SNR values upon occurrence of NEXT. 
For example, in the case calculated assuming that (3+2)x 
256=1280 carries are used, a portion corresponding to 0 to 
255 carriers is taken as FEXT, and a portion corresponding 
to 768 to 1023 carriers is taken as NEXT table. 

The calculated tables are transmitted from the ATU-R to 
the ATU-C and is held in the bit and power distribution table 
10 to be used for bit and power distribution (mapping) upon 
down transmission. 

FIG. 6 is a flowchart showing a calculation method of the 
performance margin in step A2 of FIG. 3. At first, a 
normalized SNR(i) is derived with taking the transmission 
power of each carrier as E(i) (step A7). Then, the calculated 
SNR(i) is sorted in descending order (step A8), to re- assign 
the number to satisfy, 

SNRii)^SNR{i+l) 

It should be noted that for all number up to i smaller than 
total carrier number N, the foregoing inequality is appli- 
cable. 

Next, it is assumed that k=l, 7^^=-oo, count=0 (step A9). 
k is a counter, is a current possible maximum system 
performance margin, and count is a number of carriers to be 
used for achieving Ymoa;- Then, calculation of Y(k) is per- 
formed (step AlO). 

The equation for calculating y (k) is as follow: 



rik) = loiogj 



[ SNRjk) ] 

0 1 Btarget \ ' 



7^-9.8(dB) 



[Equation 1] 



7(k) is the maximum system performance margin which 
can be achieved in one carrier symbol. At this time, a target 
speed to be achieved is ^targer> total effective coding gain is 
y^^, a desired bit error rate is 10"^, and the k in number of 
the best carriers are used. Then, a current geometric average 
SNR is expressed by: 



SNR{k) = 



Y\ Ei-SNR(i) 



[Equation 2] 



A current transmission power E^ used by (i)th order carrier 
is expressed by: 



where a total input power ^target restricted by a transmitter 
is expressed by: 

wherein k is number of carriers to be used. 

^maxi is the maximum power which can be transmitted by 
the (i)th order carrier. E^^,- is determined by the transmis- 
sion power mask. In this case, the maximum power which 
can be transmitted by each carrier is not restricted by the 
total input power E,,,,.^^,,. 

Then, when y (k)>y,„^^., y„j^=(k) and count k are set (steps 
All and A12). K is not N, k=k+l is set (step A14). Then, 
process is returned to step AlO. Here, y^^x represents the 
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possible maximum system performance margin at a given 
system parameter, and count becomes the best carrier num- 
ber to be used for achieving y^^.^.. 

FIG. 7 is a flowchart showing a calculation method of the 
bit distribution table at step AS of FIG. 3. Using the 5 
foregoing y^^x count, the initial bit distribution table 
{b'i} is calculated by 



fo,=floor[log 2{l+£„^, SNR(i)/r„^} 

In the foregoing equation, floor represents cutting off at 
decimal point. A cut off value below decimal point is derived 
as diff^ expressed as follow (step A15). 

diff~br\og 2{l+£^„^,- SNR(i)fY^^^} 

Here, F^^ is expressed by 
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15 



Tmax = [e"'(^)f +rmax " Jeff " 4.77(dB) 



[Equation 3] 



wherein Pe is a bit error rate, N^, is number of points having 
closest in an input signal constellation, and Q function is 
defined by the following equation. 



25 



[Equation 4] 



30 



Then, B^^^^^ is calculated (step A16). B^^,^^^ is total bit 
number supported by the current bit distribution table at one 
multi-carrier symbol, in which Byo^^;=2b'i. Here, 2 is a sum 
of i=0 to N-1. 

Then, when ^t<?tai^^ targets t)it is increased from the 
current bit distribution table, i.e. the bit distribution table 
{b'i} of the carrier having minimum diff,- value to establish 
diff,=diff,+l, B,^,,,=B,^,,,+1 (steps A17 and A18). This pro- 
cess is repeated until B^^^^;=B^^^^;+1 is established. FIG. 8 is 
a flowchart showing a calculation method of the power 
distribution table at step A5 of FIG. 3. At first, on the basis 
of the given bit distribution table {b'i} an input power {E'i} 
is assigned so that ^e(^)=^^. f raj^et is established (step A19). 
Here, P^,(i) is an error probability of the (i)th order carrier, 
^e,i,target^^ a target error probability of the (i)th order carrier. 
It should be noted that {E'i} is a total transmission power to 
be used by the (i)th order carrier. The current total trans- 
mission power ^^o^ai is derived by the following equation 
(step A20). 

50 

Here, 2 is a sum of i=0 to N-1. 

Then, final power distribution {E'i} is re -adjusted (step 
A21). The re-adjustment can be performed by setting 
smaller one of E,^,.^^/E,^,^^ and E^^ , as E,. The initial bit 
and the power distribution table in the shown system is 55 
provided as {b'i} and {E'i}. 

Next, another embodiment of the multi-carrier transmis- 
sion system according to the present invention will be 
discussed. The foregoing embodiment is directed to the case 
where transmission power of each carrier is restricted, the 60 
shown embodiment is directed to the case where total 
transmission power is restricted. Even in the shown 
embodiment, the construction of the multi-carrier transmis- 
sion system is the same as that illustrated in FIG. 1, and 
operation thereof is the same as that illustrated in the 65 
flowchart of FIG. 3. In the shown embodiment, the four 
transmission speeds provided from the upper level is trans- 



mitted from the ATU-C to the ATU-R (step Al). For 
example, the four kinds of transmission speeds of rl to r4 are 
transmitted from the ATU-C to the ATU-R together with 
other parameters. 

On the ATU-R side, when the noise amount is varied 
periodically, particularly when TCM-ISDN is present in the 
same cable, NEXT and FEXT are caused from ISDN to 
ADSL. In the down direction SNR evaluating portion 2, 
SNR values at respective frequency in both cases of occur- 
rence of NEXT and FEXT, are evaluated and respectively 
stored in NEXT SNR and FEXT SNR 3. The reference 
numerals 11 and 12 of FIG. 4 show the evaluated SNR 
values of respective frequencies, in which 11 represents the 
SNR value at the occurrence of FEXT and 12 represents the 
SNR value at the occurrence of NEXT. 

The performance margin calculating portion 4 calculates 
four kinds of bit distributions to be set at values where the 
performance margin becomes maximum on the basis of the 
SNR values of the line evaluated by the SNR evaluating 
portion 2, upon realizing the transmitted four transmission 
speeds (step A2). FIG. 9 shows the calculation method. Bit 
distribution of the multi-carriers are respectively calculated 
so as to realize a given transmission speed and maximize 
performance margin in consideration of a plurality of SNR 
values evaluated at different timing and the total transmis- 
sion power. At this time, as shown in FIG. 9, in consideration 
of the SNR values at the occurrence of NEXT and FEXT to 
be evaluated at different timing, and a total power upon data 
transmission, the bit distribution of each carrier in the 
multi-carrier is derived so that the transmission speed given 
by the ATU-C 100 is realized and the performance margin 
can be maximized. 

In the transmission speed selecting portion 5, from the 20 
calculated four kinds of performance margins, e.g. four 
kinds of margin values ml to m4, the transmittable trans- 
mission speed which is the highest and the margin is not 
negative is selected (step A3). If all margins are negative 
concerning all transmission speed, it represents that all four 
transmission speeds are not transmittable. Then, the ATU-R 
transmits all transmission speeds fault output to the ATU-C 
(step A6). If any one of the transmission speeds can be 
selected, the selected transmission speed and the perfor- 
mance margin are transmitted to the ATU-C (step A4). In the 
bit and power distribution table transmitting portion 6, the 
bit and power distribution table necessary for transmission at 
the selected transmission speed is transmitted (step AS). 
This table is required to calculate the SNR values varying 
periodically upon occurrence of NEXT and FEXT. Respec- 
tive of calculated tables are transmitted from the ATU-R to 
the ATU-C. 

On the other hand, when variation period of the noise on 
the transmission line is not equal interval as shown in FIG. 
2, and when a plurality of SNR values are made into a single 
SNR value, the frequency of the SNR value is increased in 
a magnitude corresponding to the ratios f and n of the time 
interval. FIG. 5 shows a calculation method of the bit 
distribution. As shown in FIG. 5, the SNR values at the 
occurrence of NEXT value and FEXT value shown by 11 
and 12 of FIG. 4 are used with extending the SNR value at 
the occurrence of FEXT up to the f times of frequency and 
the SNR value at the occurrence of NEXT up to the n times 
of frequency. Regarding that transmission speed is f +n times 
of the value of the given transmission speed and the Hne 
used (f+n)x256 carriers, the bit distribution method showing 
in the lower side of FIG. 5 is used. 

As the bit and power distribution table to be used in data 
transmission, in case of the table to be used upon occurrence 
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of FEXT, the bit and power distribution table to be assigned 
for one group of carriers using the SNR values upon 
occurrence of FEXT is used. Similarly, as the table at the 
occurrence of NEXT, a table assigned for one group of 
carriers using the SNR values upon occurrence of NEXT is 
used. For example, in the case of FIG. 5 calculated assuming 
that (3+2)x256=1280 carries are used, a portion correspond- 
ing to 0 to 255 carriers is taken as FEXT table, and a portion 
corresponding to 768 to 1023 carriers is taken as NEXT 
table. The calculated tables are transmitted from the ATU-R 
to the ATU-C and is held in the bit and power distribution 
table 10 to be used for bit and power distribution (mapping) 
upon down transmission. 

FIG. 10 is a flowchart showing a calculation method of 
the performance margin in step A2 of FIG. 3. At first, a 
normalized SNR(i) is derived with taking the transmission 
power of each carrier as E(i) (step SIO). Then, the calculated 
SNR(i) is sorted in descending order (step Sll), to re- assign 
the number to satisfy, 

SNR{i)^SNR(i+l) 

It should be noted that for aU number up to i smaller than 
total carrier number N, the foregoing inequality is appli- 
cable. 

Next, it is assumed that k=l, K^=K^O, count^=count^= 
0, Y^«^=-oo (step 812). k is a counter, y^^^ is a current 
possible maximum system performance margin, and county 
and county are a number of carriers to be used for achieving 
Imax- Suffix F represents FEXT table and suffix N represents 
NEXT table, respectively. Then, calculation of Y^(k) and 
Yj,^k) are performed (step S13). The equation for calculating 
Yjr(k) and Yjv(k) is the same as the foregoing equation (1). 

Y(k) is the maximum system performance margin which 
can be achieved in one carrier symbol. At this time, a target 
speed to be achieved is B^^^^^,, total effective coding gain is 
y^jp a desired bit error rate is 10"^, and the k in number of 
the best carriers are used. Then, a current geometric average 
SNR is the same as the foregoing equation (2). 

A current transmission power E^- used by (i)th order carrier 
is expressed by the following equation (5). 



[Equation 5] 



E/,/v = minj 



45 



^target 
Emaxi 



Here, a total input power ^target restricted by a transmitter is 
expressed by: 

^maxi is the maximum power which can be transmitted by 
the (i)th order carrier and is determined by the trans- 
mission power mask. 

Then, when Y^(k)>Y,„^^^ or yj)^)>yma^ (step S14/YES), it 
is assumed that count^=kp and countj^Kj^, 

when Y^(K)>Y^a;^, Y max 

when Yiv(K)>Y^a:c. '^max^J^ 

(step S15). 

Then, when Yp<k)>Yiv(k) (step S16/YES), K^++ is set 
(step S17), and otherwise (step S16/NO), Kjv++ is set (step 
818). Then, if K^=K^=N is not established (step S19/NO), 
the process is returned to step S13. Here, Y/reojc represents 
possible maximum system performance margin in the given 
system parameter, and county and countj^^ are the best carrier 
number for achieving Yma^c- 
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FIG. 11 is a flowchart showing a calculation method of the 
bit distribution table at step A5 of FIG. 3. Using the 
foregoing Ymojc ^rid county, country, the initial bit distribution 
table {b'i} is calculated by the following equation. 
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roimd< logji 1 + 



-SNR{i) 



[Equation 6] 



floo] 



'l{log2(l 



b\i^ = min 



roimd- 



log2 1 



-SNR(i) 



floOl(log2(l + 1^) 

^ \ 1 max / 



wherein floor represents cutting off at decimal point. A cut 
off value below decimal point is derived as diff,- expressed as 
follow (step 820). 
When 
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When bi = floorflo^jfl H ^® obtained, 

^ V 1 max )^ 



[Equation 7] 



is obtained, 

diff~Q.5. 

In the other case 



dijfr- 



bi = log^ 



bi = log2 1 



f B^SNRni 
county 

V 1 max / 



-SNR{i) 



(1 eF) 



Here, is expressed by the foregoing equation (3). Pe 
is a bit error rate, N^ is number of points having closest in 
an input signal constellation, and Q function is defined the 
foregoing equation (4). Then, ^t^tai total bit number 
supported by the current bit distribution table at one multi- 
carrier symbol, in which By^f^;=2b'i. Here, 2 is a sum of i=0 
to N-1. 

Then, when B,^,^;<B,^^^^^ (step 23A^E8) one bit is 
decreased for one bit from the current bit distribution table, 
i.e. the bit distribution table {b'i} of the carrier having 
minimum diff^- value to establish diff-^=diffj,-l, B^^^^^= 
B,^,«/-l (step 824). On the other hand, when B,^,^^^B,,,^^^, 
(step 23/NO), one bit is increased for one bit from the 
current bit distribution table, i.e. the bit distribution table 
{b'i} of the carrier having minimum diff, value to establish 
diff,=dife,.+l, B,^,^,=B,^,^,+l (step 825). This process is 
repeated until ^t<,tcii=^ target is established (step 822/YE8). 

FIG. 12 is a flowchart showing a calculation method of 
the power distribution table at step A5 of FIG. 3. At first, on 
the basis of the given bit distribution table {b'i}, an input 
power {E'i} is assigned so that ^JS)=^eA.target ^ estabHshed 
(step S30). Here, P^(i) is an error probability of the (i)th 



order carrier, 



, is a target error probability of the (i)th 



order carrier. It should be noted that {E'i} is a total trans- 
mission power to be used by the (i)th order carrier. 

The current total transmission power ^t^tai^ ^totai^ 
are derived by the following equation (step 31). 
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Etotal,N — £"/ 



[Equation 8] 



Here, 2 is a sum of i=0 to N-1 . 

Then, final power distribution {E'i} is re-adjusted (step 
S32). The re-adjustment can be performed by setting smaller 



one of E /E,^,,;^, ^t^rgeJ^t^tai^ and E^^ 
E'.yv- from the following equations: 



£IS E' 




[Equation 9] 



10 



15 



Thus, the initial bit and the power distribution table in the 
shown system is provided as {b'i} and {E'i}. 

The foregoing embodiments are directed for data trans- 
mission in the down direction, the identical process is 25 
applicable even for data transmission in up direction from 
the ATU-R 200 to the ATU-C 100. In such case, the 
construction provided in the ATU-C 100 in the foregoing 
embodiments is provided in the ATU-R 200, and, in turn, the 
construction provided in the ATU-R 200 in the foregoing 30 
embodiments is provided in the ATU-C 100. 

As set forth above, according to the present invention, 
even when the noise amount is varied periodically, a bit 
distribution having maximum performance margin value 
relative to periodically varying noise amount can be 35 
obtained by regarding a plurality of SNR value due to 
periodically generated noise amount as SNR value of single 
line which does not cause variation in time and frequency 
band is increased. 

On the other hand, as set forth above, according to the 40 
present invention, even when the noise amount is varied 
periodically, a bit distribution having maximum perfor- 
mance margin value relative to periodically varying noise 
amount can be obtained by given transmission speed 
depending upon a plurality of SNR values evaluated at 45 
different timing due to periodically varying noise. 

Although the present invention has been illustrated and 
described with respect to exemplary embodiment thereof, it 
should be understood by those skilled in the art that the 
foregoing and various other changes, omissions and addi- 50 
tions may be made therein and thereto, without departing 
from the spirit and scope of the present invention. Therefore, 
the present invention should not be understood as limited to 
the specific embodiment set out above but to include all 
possible embodiments which can be embodied within a 55 
scope encompassed and equivalents thereof with respect to 
the feature set out in the appended claims. 

For example, application of the present invention is not 
specified to the combination of the ISDN and ADSL pre- 
senting in the same cable, but to combinations of any DMT 60 
type communication system other than ADSL and ISDN on 
the common cable, for example. Furthermore, the present 
invention is applicable for the case where two or more kinds 
of periodic noise sources are present in the common cable. 

What is claimed is: 65 

1. A multi-carrier transmission system performing data 
transmission between first and second communication sta- 



tions under presence of a plurality of periodically varying 

noises, comprising: 

signal to noise ratio evaluating means for obtaining a 
plurality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 
bit distribution means for performing bit distribution of 
each carrier depending upon one set of signal to noise 
ratio with taking a plurality of sets of signal to noise 
ratios as one set of signal to noise ratio evaluated on 
different frequency at the same timing. 

2. Amulti-carrier transmission system as set forth in claim 
1, wherein said signal to noise ratio evaluating means is 
constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution means is con- 
structed for establishing said bit distribution with taking two 
kinds of signal to noise ratio sets as said one signal to noise 
ratio set. 

3. Amulti-carrier transmission system as set forth in claim 
1, wherein said signal to noise ratio evaluating means is 
constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and said bit distribution means is constructed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

4. Amulti-carrier transmission system as set forth in claim 
1, wherein said bit distribution means performs bit distri- 
bution depending upon said one signal to noise ratio set and 
a power restriction value of each of said carriers. 

5. Amulti-carrier transmission system as set forth in claim 
1, wherein, in case of data transmission from said first 
communication station to said second communication 
station, said first communication station includes means for 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating means and said bit distribution means, 

said bit distribution means includes means for deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, means for selecting an optimal 
transmission speed from said plurality of transmission 
speed on the basis of the derived margin, and means for 
deriving bit distribution of each of said carriers accord- 
ing to the selected transmission speed. 

6. Amulti-carrier transmission system as set forth in claim 
5, wherein said second communication station includes 
means for transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution. 

7. Amulti-carrier transmission system as set forth in claim 
1, wherein noise sources of two kinds of noises are present 
on a common cable with a communication fine between said 
first and second communication stations. 

8. Amulti-carrier transmission system as set forth in claim 
1, wherein two kinds of noise environments are a first noise 
environment and a second noise environment having worse 
noise condition than said first noise environment. 

9. Amulti-carrier transmission system as set forth in claim 
1, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

10. A multi-carrier transmission system as set forth in 
claim 1 wherein a communication line for data transmission 
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between said first and second communication stations is a 
digital subscriber line. 

11. A multi-carrier transmission system performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 5 
noises, comprising: 

signal to noise ratio evaluating means for obtaining a 
pluraKty of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
pluraKty of kinds of noise environments; and 

bit distribution means for performing bit distribution of 
each carrier for realizing a given transmission speed 
and 

a maximum performance margin depending upon respec- 15 
live values of a plurality of signal to noise ratio sets. 

12. A multi -carrier transmission system as set forth in 
claim 11, wherein said signal to noise ratio evaluating means 
is constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 20 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution means is con- 
structed for establishing said bit distribution with taking two 
kinds of signal to noise ratio sets as said one signal to noise 
ratio set. 25 

13. A multi -carrier transmission system as set forth in 
claim 11, wherein said signal to noise ratio evaluating means 
is constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 30 
val period, and said bit distribution means is constructed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

14. A multi -carrier transmission system as set forth in 
claim 11, wherein said bit distribution means performs bit 35 
distribution depending upon said one signal to noise ratio set 
and a total transmission power restriction value. 

15. A multi -carrier transmission system as set forth in 
claim 11, wherein, in case of data transmission from said 
first communication station to said second communication 40 
station, said first communication station includes means for 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating means and said bit distribution means, 45 

said bit distribution means includes means for deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, means for selecting an optimal 
transmission speed from said plurality of transmission 50 
speed on the basis of the derived margin, and means for 
deriving bit distribution of each of said carriers accord- 
ing to the selected transmission speed. 

16. A multi -carrier transmission system as set forth in 
claim 15, wherein said second communication station 55 
includes means for transmitting said bit distribution to said 
first communication station, and said first communication 
station performs data transmission to said second commu- 
nication station according to said bit distribution . 

17. A multi -carrier transmission system as set forth in 60 
claim 11, wherein noise sources of two kinds of noises are 
present on a common cable with a communication line 
between said first and second communication stations. 

18. A multi -carrier transmission system as set forth in 
claim 11, wherein two kinds of noise environments are a first 65 
noise environment and a second noise environment having 
worse noise condition than said first noise environment. 



19. A multi-carrier transmission system as set forth in 
claim 11, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

20. A multi-carrier transmission method performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 
noises, comprising: 

signal to noise ratio evaluating step of obtaining a plu- 
rality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 

bit distribution step of performing bit distribution of each 
carrier depending upon one set of signal to noise ratio 
with taking a plurality of sets of signal to noise ratios 
as one set of signal to noise ratio evaluated on different 
frequency at the same timing. 

21. A multi -carrier transmission method as set forth in 
claim 20, wherein said signal to noise ratio evaluating step 
is designed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

22. A multi-carrier transmission method as set forth in 
claim 20, wherein said signal to noise ratio evaluating step 
is designed to derive the sets of the signal to noise ratio 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in irregular 
interval period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

23. A multi-carrier transmission method as set forth in 
claim 20, wherein said bit distribution step performs bit 
distribution depending upon said one signal to noise ratio set 
and a power restriction value of each of said carriers. 

24. A multi-carrier transmission method as set forth in 
claim 20, wherein, in case of data transmission from said 
first communication station to said second communication 
station, said first communication station includes step of 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating step and said bit distribution step, 

said bit distribution step includes step of deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, step of selecting an optimal trans- 
mission speed from said plurality of transmission speed 
on the basis of the derived margin, and step of deriving 
bit distribution of each of said carriers according to the 
selected transmission speed. 

25. A multi-carrier transmission method as set forth in 
claim 24, wherein said second communication station 
includes step of transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution. 

26. A multi-carrier transmission method performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 
noises, comprising: 

signal to noise ratio evaluating step of obtaining a plu- 
rality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 
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bit distribution step of performing bit distribution of each 
carrier for realizing a given transmission speed and a 
maximum performance margin depending upon respec- 
tive values of a plurality of signal to noise ratio sets. 

27. A multi -carrier transmission method as set forth in 5 
claim 26, wherein said signal to noise ratio evaluating step 

is designed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution step is designed for lo 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as one signal to noise ratio set. 

28. A multi -carrier transmission method as set forth in 
claim 26, wherein said signal to noise ratio evaluating is 
designed to derive the sets of the signal to noise ratios 15 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as one signal to noise ratio set. 20 

29. A multi -carrier transmission method as set forth in 
claim 26, wherein said bit distribution step performs bit 
distribution depending upon one signal to noise ratio set and 
a total transmission power restriction value. 

30. A multi -carrier transmission method as set forth in 25 
claim 26, wherein, in case of data transmission from said 
first communication station to said second communication 
station, said first communication station includes step of 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 30 
ond communication station has said signal to noise ratio 
evaluating step and said bit distribution step. 
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said bit distribution step includes step of deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, step of selecting an optimal trans- 
mission speed from said plurality of transmission speed 
on the basis of the derived margin, and step of deriving 
bit distribution of each of said carriers according to the 
selected transmission speed. 

31. A multi-carrier transmission method as set forth in 
claim 30, wherein said second communication station 
includes step of transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution . 

32. A multi-carrier transmission method as set forth in 
claim 26, wherein noise sources of two kinds of noises are 
present on a common cable with a communication line 
between said first and second communication stations. 

33. A multi-carrier transmission method as set forth in 
claim 26, wherein two kinds of noise environments are a first 
noise environment and a second noise environment having 
worse noise condition than said first noise environment, 

34. A multi-carrier transmission method as set forth in 
claim 26, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

35. A multi-carrier transmission method as set forth in 
claim 26, wherein a communication line for data transmis- 
sion between said first and second communication stations is 
a digital subscriber line. 



